diately. Effective surveillance depends upon veterinary practitioners and laboratory diagnosticians who are familiar with the clinical signs and microscopic lesions of BSE and the reporting of suspicious cases promptly to federal regulatory officials. The purpose of this report is to review important features of BSE to familiarize diagnosticians with the signs and lesions and thus enhance the probability for detection of this disease.
Clinical features
Bovine spongiform encephalopathy is distinguished by characteristic neurologic clinical signs. 38, 39 Correlation between clinical diagnosis and positive histologic diagnosis of BSE is >90% in Great Britain 12 (G. A. H. Wells, personal communication). The most common sign reported by herdsmen in Great Britain is a change in behavior or temperament, usually increased nervousness or apprehension. 38 Changes in posture and movement, including rear limb ataxia, tremor, falling, and abnormal head carriage, are commonly seen. The animals continue to eat but rapidly lose weight 39 and may present with a "roach back" appearance ( Fig. 1 ). Hypersensitivity to sound and touch, kicking, head shyness, excessive ear movement, and nose licking are also frequent observations. Later in the course of the disease, cattle may develop incoordination progressing to paresis or paralysis.
Other diagnostic aids besides clinical signs have been used in attempts to more specifically define BSE clinically. Examination of cerebrospinal fluid from BSEaffected cattle revealed no abnormalities in cytology, protein concentration, or electrophoretic pattern, features that allow differentiation of BSE from inflammatory conditions of the CNS such as viral and bacterial infections. 25, 26 Electroencephalography has revealed almost continuous high-amplitude complexes in occipital leads with interspersed short periods of normal activity in BSE-affected cattle and the absence of these episodes in clinically normal cattle. 25 Despite its use in a limited number of cases as an adjunct in clinical diagnosis of BSE, electroencephalography remains to be proven as an aid for providing a reliable provisional diagnosis. Careful observation for char- acteristic clinical signs continues to be the most reliable method for clinical diagnosis.
Pathology
There are no gross lesions associated with BSE. Abrasions, lacerations, and contusions may result secondarily, from incoordination or other locomotor signs. Conversely, histologic changes in the CNS are highly specific and are regarded as pathognomonic. 11, 34, 35 The lesions are characteristically bilateral and symmetrical in grey matter nuclei of the brain stem and consist of vacuolation or microcavitation of the neuropil in these areas (Fig. 2) . Vacuolation of neuronal perikarya may be seen in certain brain stem nuclei, notably the dorsal nucleus of the vagus nerve, the reticular formation, and the vestibular nuclei ( Fig. 3) . Mild gliosis has also been described.
Severity of lesions may vary from animal to animal and with the section of brain examined, 35 thus confounding a definitive diagnosis in cases where lesions are mild. Lesions of BSE are often present in the solitary tract nucleus and the spinal tract nucleus of the trigeminal nerve. 34 These nuclei are located in the obex area of the medulla oblongata. Thus, the obex area is the single most important site in the brain for histologic diagnosis of BSE. Other important sites to examine are sections through the caudal cerebellar peduncle and mesencephalon ( Fig. 4 ). Vacuolation of neuronal perikarya occurs in clinically normal cattle as an incidental finding in large neurons in the red nucleus area of the mesencephalon. This change should be disregarded for the purpose of BSE diagnosis. 35 Ultrastructural neuropathologic features of BSE have been described. l5 Primarily, abnormalities occur in neuronal processes and in the neuronal perikarya. Changes in neuronal processes include the presence of numerous membrane-bound intracellular vacuoles, the occurrence of interwoven masses of neurofilaments and subcellular organelles, networks of branching intercalated cisterns and tubules, and inclusions composed of a dense network of tubules and circular profiles. A second type of inclusion, apparently of lysosomal origin, has been seen within neuronal perikarya. Astrocytic abnormalities consisting of hypertrophied, sometimes binucleate astrocytes that contain abundant glial filaments have also been described. l5
Fibrils and fibril protein (PrP)
Fibrils similar to those found in scrapie and scrapielike diseases of other species have been detected in cattle with BSE. 5, 11, 24, 35 These fibrils have shown immunoreactivity with polyclonal antisera produced in rabbits against scrapie-associated fibrils of sheep and mice. 5 These findings, the histopathologic findings, and the transmission to mice 3 further support classification of BSE as one of the scrapie-like transmissible spongiform encephalopathies. The fibrils of BSE are detected more readily in brain stem and basal nuclei of the cerebrum than in cerebellum or cerebral cortex.
The degree of fibril prevalence approximates severity of vacuolation in brain stem areas and in the cerebel-1um. 24 Immunoblotting techniques have revealed the presence of PrP-related glycoprotein in BSE fibrils 5 and in brain samples directly assayed for PrP. 24 In the direct assay, the density of PrP on the immunoblots corre- Table 2 . Selected diseases and conditions associated with spongiform changes in the bovine brain. lated in general with the prevalence of fibrils detected by electron microscopy.
Differential diagnosis
Bovine neurologic disorders may result from a variety of causes. 1,2,9,13,14,18,21-23,27-29 Some of those causes and disorders are listed in Table 1 . Although many of these conditions may have clinical features that parallel BSE, a careful examination of the history and signalment may allow separation from BSE; for example, with many of the genetic conditions, age of onset may help to rule out BSE on a clinical basis.
In Great Britain, the most common disease diagnosis other than BSE in suspect cattle is listeriosis 12 (G. A. H. Wells, personal communication). In the United States, listeriosis and rabies could mimic BSE clinically. Ideally, animals with suspicious clinical signs should be monitored over a period of a week or more for the characteristic progressive signs of BSE. In Great Britain, the high degree of correlation between clinical diagnosis and positive histopathologic results is the result of several factors, including the confirmatory period of monitoring allowed before a final clinical diagnosis is rendered, the characteristic and progressive clinical signs of BSE, and the absence of rabies as a complicating clinical factor.
Histologically, lesions of BSE are considered pathognomonic, 34, 35 therefore, lesions of other diseases should not present unreasonable difficulty for trained laboratory diagnosticians, especially if the lesions of BSE are well developed and specimens are qualitatively optimum. There are other conditions in cattle in which a degree of spongiform encephalopathy may occur (Table 2) ; however, these conditions differ from BSE because they lack the typical bilateral symmetrical grey matter distribution pattern.
Discussion and conclusions
Bovine spongiform encephalopathy is well defined by its clinical and pathologic characteristics. The potential economic impact of BSE on the US cattle industry is significant. Although BSE has not been recognized in US cattle, veterinary practictioners, laboratory diagnosticians, and pathologists must be familiar with characteristic features of this disease.
The US Department of Agriculture has taken steps to reduce risks for introduction of the disease into the United States and to increase the probability that the disease will be detected should it occur. Reducing the risk for introduction has been accomplished through a ban on the importation of live cattle and zoo ruminants from Great Britain, by requiring a special permit for importation of embryos and semen, and prohibiting British meat and bone meal. Restrictions on importation of sheep, goats, and bone meal have been in place for many years. Cattle that were imported from Great Britain between 1981 and 1989 (total 459 head) are being traced. There has been no evidence of BSE in any of the 357 cattle identified thus far.
Dissemination of information about the disease is also important so that the veterinary and public health communities and the cattle industry can assist with surveillance efforts. Regulatory procedures are in place to respond to BSE if it is recognized in the United States.
This report is presented as a guide for diagnosticians encountering cases of bovine nervous system disorders and has been prepared to reinforce consideration of BSE in a differential diagnosis. Reference material provided for comparison is intended as an incentive for veterinary diagnosticians to collect and examine the appropriate specimens for lesions of BSE. Histologic slides with representative lesions of BSE will be provided upon request to US veterinary diagnostic laboratories and pathology departments as long as slides are available. Requests should be sent to Dr. A. J. Davis, US Department of Agriculture, National Veterinary Services Laboratories, PO Box 844, Ames, Iowa 50010.
